The Off Gas Condensate Tank (OGCT) at the Defense Waste Processing Facility (DWPF) collects the condensate from the off-gas system of the melter. The condensate stream contains entrained solids that collect in the OGCT. Water from the OGCT is re-circulated to the Steam Atomized Scrubber and quencher and may provide a mechanism for re-introducing the particulates into the off-gas system. These particulates are thought to be responsible for plugging the downstream High Efficiency Mist Eliminator filters. Therefore, the OGCT needs to be periodically cleaned to remove the build-up of entrained solids. Currently, the OGCT is cleaned by adding nominally 12 wt% nitric acid with agitation to slurry the solids from the tank. Samples from the OGCT were sent to the Savannah River National Lab (SRNL) for characterization and to conduct tests to determine the optimum nitric acid concentration and residence time to allow more effective cleaning of the OGCT. This report summarizes the chemical and radionuclide results and the results from the nitric acid dissolution testing at 50% and 12% obtained for the OGCT sample. Below is a summary of the observations, conclusions and recommendations based on these OGCT, samples.
• For both nitric acid dissolutions cases (50% and 12%), some elements appear to be rapidly increasing in concentration in the supernate, such as Fe and Mn, and others appear to be dissolving slowly such as Na and Si. The dissolution of these elements is dependant on their chemical form.
• The residence time and the concentration of the nitric acid used for the OGCT cleaning procedure are important variables. Extending the residence time from 8 hours to 24 hours, results in the dissolution of more of the OGCT solids. Increasing the nitric acid concentration from 12% to 50% dissolved 45% (average of seven elements) more of the OGCT solids. 
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INTRODUCTION AND BACKGROUND
The Off Gas Condensate Tank (OGCT) at the Defense Waste Processing Facility (DWPF) collects the condensate from the off-gas system of the melter. The condensate stream contains entrained solids that collect in the OGCT. Water from the OGCT is re-circulated to the Steam Atomized Scrubber and quencher and may provide a mechanism for re-introducing the particulates into the off-gas system. These particulates are thought to be responsible for plugging the downstream High Efficiency Mist Eliminator (HEME) filters. Therefore, the OGCT needs to be periodically cleaned to remove the build-up of entrained solids. Currently, the OGCT is cleaned by adding nominally 12 wt% nitric acid with agitation to slurry the solids from the tank. A Technical Assistance Request (TAR) was issued for Savannah River National Lab (SRNL) to characterize the OGCT solids and conduct tests to determine the optimum nitric acid concentration and residence time to allow more effective cleaning of the OGCT. 3 This report summarizes the chemical and radionuclide results and the results from the nitric acid dissolution testing at 50% and 12% obtained for the OGCT sample.
APPROACH
Characterization of the OGCT Samples
Eight samples (~125 mL/per sample) were taken from the OGCT at the DWPF. The samples were transported to SRNL for characterization. Upon receipt, the samples were placed into the Shielded Cells, then mixed, and poured into a calibrated 2-liter bottle. The total volume of the composite samples was 1100 mL. The OGCT sample contained visible brown solids. The solids appeared to be made up of fine particulates and settled very slowly. However, when aliquots of the sample were removed from the sample bottle, mixed using a magnetic stir bar, a difference in the amount of solids was clearly seen between samples removed from the top of the solution versus samples obtained from the bottom of the sample bottle. These aliquots were placed back in the sample bottle and a mechanical mixer was used to provide homogenous slurry. This indicates the presence of heavier, fast settling particles in the OGCT sample in addition to fine particles. Samples of the OGCT Slurry, filtered supernate, and dissolutions of the OGCT solids were submitted for analyses to obtain the following data:
-pH -Weight percent total solids -Weight percent dissolved solids in the supernate -Calculation for the insoluble and the soluble solids -Direct measurement of the insoluble solids by filtration for insoluble solids -Density measurements for slurry and supernate -Inductively Coupled Plasma Emission Spectroscopy (ICP-ES) results -Inductively Coupled Plasma Mass Spectroscopy (ICP-MS) results -Gamma Counting Data -Ion Chromatography (IC) results for anions -Particle Size -Contained X-Ray Diffraction and Scanning Electron Microscope (CXRD/CSEM) analysis of the solids A brief description of the analytical methods is provided in Section 2.2.
Brief Description of Analyses Performed for the OGCT pH Measurements
To perform the pH measurements, a portion of each sample was removed and checked with an in-cell pH probe. The probe is first standardized with buffer solutions at a pH of 10 and 7. The probe is then checked with a pH 4 buffer solution. Once the pH probe has been checked out, the pH measurement of the samples are completed. After the completion of the sample measurements, the pH probe is then checked again with the buffer solutions to determine if the pH probe drifted away from the initial standardization.
Weight Percent Solids Measurements To perform the weight percent solids measurement for the sludge slurry, mixed samples of sludge slurry were pipetted out of the one-liter container and placed into labeled beakers. These beakers are weighed and then placed into a drying oven at 115°C overnight. Samples of a NaCl solution with a known weight percent total solids are also weighed and dried (in labeled beakers) along with the sludge slurry samples to check the accuracy and precision of the method. All of the samples are removed from the oven and allowed to cool for ~5 minutes before they are weighed. Once a constant weight is obtained, the measurement is considered complete.
To obtain the supernate for the weight percent solids measurement, a mixed sample of the combined sludge slurry is filtered through a 0.45 µ Nalgene® filter resulting in a clear supernate. The same procedure used for the sludge slurry is followed for the supernate. The direct measurement of the weight percent insoluble solids is accomplished by filtering a known weight of the slurry sample through a 0.45 µ Nalgene® filter. The solids obtained from the slurry are allowed to partially dry on the filter to aid in the removal of the solids. The solids are placed in a weighed beaker and dried to constant weight in a drying oven at 100 °C. Since not all of the interstitial supernate is removed by filtration the result can be biased high when the supernate has a high concentration of dissolved solids and an alternate procedure must be used. However, the current OGCT sample contains very little dissolved solids.
Density Determinations for the Sludge Slurry and Supernate Density measurements for the sludge slurry and supernate are completed remotely in the Shielded Cells Facility by using heat sealed pipette tips. The pipette tips are first sealed and then calibrated with water to obtain the volume. After determining the volume, density measurements are completed for the sludge slurry and supernate. The sealed pipette tip is first weighed and then a mixed sample of sludge slurry is pipetted into the sealed pipette tip. The sealed pipette tip containing the sludge slurry sample is weighed and a density calculated. The same protocol is used for the supernate samples. The supernate sample is obtained by filtering a portion of the sludge slurry through a 0.45 µ Nalgene® filter.
ICP-ES, ICP-MS, and Gamma Scan Analysis
The ICP-ES method provides the data for the non-radioactive analytes plus total U. The ICP-MS method provides the data for fission product and actinide concentrations of the samples. The gamma scan provides the concentrations of the major gamma emitters present in the samples, such as Co-60, Eu-154, etc. Both the supernate and solids from the OGCT sample were analyzed by ICP-ES. Only the solids received analysis by ICP-MS and gamma scan.
Supernate sample were obtained by filtering a portion of the slurry sample through a 0.45 µ Nalgene® filter. The supernate was submitted for ICP-ES analysis without any dilution.
Solids from the sample were dissolved per the dissolution techniques described below. The solids were obtained by filtering the sample through a 0.45 µ Nalgene® filter. After drying the solids, three portions were dissolved by the Aqua Regia and Peroxide Fusion methods along with appropriate standards and blanks to check the dissolutions and the analytical methods. After performing the dissolution methods on the solids, a portion of the dissolved samples were removed from the Shielded Cells Facility. These dissolved samples were sent to Analytical Development Section (ADS) Sample Receiving for analyses to be performed by ADS.
Ion Chromatography (IC) Analysis for Anions Three aliquots of the filtered supernate were analyzed ion chromatography. No dilution of the supernate samples was necessary due to the low activity present in the samples Particle Size Analysis Samples of the damp OGCT solids, obtained from filtration of the slurry, were sent for particle size analysis by Contained Scanning Electron Microscopy.
Contained X-Ray Diffraction and Scanning Electron Microscope (XRD/SEM) Analysis Samples of the OGCT solids, obtained from filtration of the slurry, were dried and sent for analysis by XRD/SEM.
Demonstration of the OGCT Tank Cleaning Method with Different Concentrations of Nitric Acid Solutions
Currently, DWPF cleans the OGCT by pumping the contents down to approximately 1200 gallons and adding ~850 gallons of 50 wt. % nitric acid followed by 1450 gallons of process water. DWPF agitates the nitric acid solution for 8 to 12 hours prior to pumping the OGCT contents to the Recycle Collection Tank. In order to optimize the cleaning protocol for the OGCT, the chemical additions and residence time for the tank were considered for the SRNL testing.
DWPF can add process water, a 50 wt. % sodium hydroxide solution, or a 50 wt. % nitric acid solution to the OGCT. The 50 wt.% sodium hydroxide solution was not considered for the SRNL testing, because the contents of the OGCT are already acidic, and the addition of sodium hydroxide may precipitate any soluble solids in the supernate (although the concentration of these soluble solids are very low).
Two concentrations of nitric acid solutions, 12 wt. % and 50 wt. %, were selected for the SRNL testing. The 12 wt. % nitric acid solution was selected to determine how effective the cleaning process is at a lower concentration of nitric acid, and to determine if more solids would dissolve as the residence time was extended. The 50 wt. % nitric acid test was selected to determine if a more concentrated acid would dissolve more of the solids faster than the 12 wt. % nitric acid solution. For both tests, the same volume ratio of OGCT solution to nitric acid solution was maintained. A volume ratio of 0.34 was selected based on previous information obtained from DWPF. The actual volumes used for each test were 120 mL of OGCT solution and 350 mL of nitric acid solution (at concentrations of 12 wt. % and 50 wt. %). Both tests were agitated for 24 hours and samples were pulled and filtered at time zero, 2 hours, 8 hours, and 24 hours after the addition of the nitric acid solution to the OGCT solution. These filtered solutions were then submitted to ADS and analyzed by ICP-ES. This was completed in order to determine dissolution rates and the total amount of soluble solids dissolved after 24 hours. It should be noted that the actual concentration of the OGCT solution after the nitric acid additions were not 12 wt. % and 50 wt. %, but lower. Accounting for the nitrate and dilution of the starting OGCT solution, the actual concentrations of the solutions were calculated at 9.2 wt. % and 39.6 wt. % nitric acid for the 12 wt. % and 50wt. % test cases, respectively. These nitric acid concentrations bound the 14.8 wt. % calculated for the DWPF OGCT.
RESULTS FOR THE OGCT SAMPLES
The following sections present the results for the characterization task and the dissolution testing for the OGCT sample.
Summary of Analytical Data Obtained for the OGCT Samples
The analyses described in Sections 2.1 and 2.2 were completed for the OGCT samples. Table 1 provides a summary of the data collected. The results of the analysis of a previous OGCT sample are included in Table 1 for comparison. 1 Unless otherwise denoted in the Table 1 , the values presented are the average of three values. However, the results for the analysis of the dried solids (ICP-ES, ICP-MS, and Gamma Counting) are generally the average of six values, three values from each of two dissolution methods. For some elements, one of the dissolution methods may not produce reliable results and the average excludes those results. Values were also excluded when the blanks and standards showed values of similar magnitude indicating contamination of the samples for that analyte. All of the data including blanks and standards is included in the tables Table A-1 through Table A-3 c To convert the data from a supernate basis to a slurry basis multiply the value by 1.00 mL of supernate / mL of slurry. d To convert the data from a supernate basis to a slurry basis multiply the value by 1.03 mL of supernate / mL of slurry. It should be noted that this ratio should not exceed 1.00. If it exceeds 1.00, it is probably due to analytical error associated with the measurements completed for the sample. e The data for the solids of the current sample are on a dried insoluble solids basis. The previous sample results are on a dried total solids basis. f More than one isotope was used to calculate the weight percent. g To obtain the total gamma, the gamma emitters were added together. N.M. -Not Measured Based on the OGCT data presented in Table 1 , Fe appears to be the dominant component in the solids followed by Si, Mn, Al, Ni, and Mg. No measurable soluble solids were detected for the supernate. The concentration of nitrate present in the supernate correlates to ~0.008 N nitric acid solution which is in agreement with the pH of the sample. Some differences between the current sample and the previous sample can be seen in the results of the solids analysis. The uranium concentration in the solids is almost an order of magnitude lower in current sample than the previous sample. The iron and silicon in the current sample are significantly higher than the in the previous sample.
In general, the values of the solids analysis for the current sample are slightly higher than the previous sample. Some of this difference can be attributed to the sample preparation. The previous sample dried a large portion of the slurry and represents analysis of the total dried solids of the sample. In the current sample the insoluble solids were filtered from the slurry and dried. The major components of the solids for the current sample and the previous sample normalized to iron are shown in Table 2 . The ratios are similar indicating the samples contain primarily the same composition of entrained solids. 
Contained X-Ray Diffraction (CXRD) and Contained Scanning Electron Microscopy (CSEM) Results for Filtered Samples of the OGCT Solids
Three samples of filtered OGCT solids were submitted to ADS for CXRD and CSEM analyses. The CXRD results indicated that hematite and magnetite (oxides of Fe) are present in the OGCT solids, but did not identify any other compounds that may be present. Figure 1 is an example of the spectra collected from one of the three samples.
Figure 1 -Spectra from CXRD Analyses of the OGCT Sample
For the CSEM analysis, several of the major and minor elements present in the OGCT solids were identified. Figure 2 is a picture of the OGCT solids taken at magnification of 50x. From Figure 2 , it appears that some of the particles are larger than 200µm and others are very small. It also appears that the particles are different colors which may indicate different compositions. Figure 3 is a 240x magnification of some of the different colored particles seen in Figure 2 . The spectra for the spots identified in Figure 3 are presented in Figure 4 and Figure 5 . See APPENDIX B for other CSEM pictures and spectra. It appears that Spot 1 in Figure 3 is rich in Si, but also has a minor contribution from the sludge components (Fe, Na, Ni, Mn, Al, Mg and Ca). Spot 2 appears to be rich in Fe and other sludge components with a minor contribution from Si. The elements reported from the CSEM analyses are consistent with the elements previously reported by C.M. Jantzen for a nonradioactive sample of the Condensate Tank for the Scale Glass Melter (SGM) 2 . C.M. Jantzen submitted a solid sample and supernate sample for analysis. The solids were analyzed by Scanning Electron Microscopy (SEM) and XRay Diffraction (XRD). The supernate was analyzed by ICP-ES. The major elements reported for the supernate fraction consisted of Na, B, Ca, K, Li, Mg, P, and Si. These elements were also found in the supernate of the OGCT, but the concentrations were not the same. Table 3 is a comparison of the elements reported for the supernate of SGM Condensate Tank to the supernate of the OGCT. From the data in Table 3 , it was noted that the concentrations reported for some of the elements are off by an order of magnitude. This is expected, due to the different compositions of the melter feed being fed to the melter. The XRD results for the C.M. Jantzen sample indicated that the solid fraction of the sample contained deposits that were rich in Si, and spinel forming elements (Al, Fe, Mn, and Ni). The CXRD results for the OGCT sample indicated that two forms of Fe oxides were present in the sample, but did not identify any SiO 2 or any of the other spinel forming components such as Al, Mn, or Ni. The SEM results for the C.M. Jantzen sample confirmed the results of the XRD and found deposits that were rich in Si as well as spinel forming elements (Al, Fe, Mn, and Ni). C.M. Jantzen also concluded that deposits containing entrained spinel and frit were being carried from the melter plenum to the condensate tank. The elements reported for the OGCT sample could also be due to spinels and frit being carried from the melter plenum as observed in the C.M. Jantzen sample.
ICP-ES Results of the OGCT Tank Cleaning Method Tests
This section presents the results collected from the nitric acid dissolution testing described in Section 2.3. Table 4 provides a summary of the ICP-ES supernate data collected for the 12 wt. % nitric acid test. Table 5 provides a summary of the ICP-ES supernate data collected for the 50 wt. % nitric acid test. Since these tests were conducted to determine if the solids were dissolving over time, seven elements (Al, Fe, Mg, Mn, Na, Ni, and Si) having the highest concentration in the OGCT solids were selected from Table 1 . The data sets for both tables include the concentrations of the supernate samples taken prior to the addition of the nitric acid solutions (corrected for volume 470mL/120mL, See APPENDIX A, Table  A -4) , at time zero (addition of nitric acid), 2 hours, 8 hours, and 24 hours for each test, respectively. Unless otherwise denoted, the concentrations presented in Table 4 and As can be seen in Table 4 and Table 5 , the concentrations for the majority of the elements are increasing with time even though the elements are present in the supernate prior to the addition of acid for both cases. Some elements appear to be rapidly increasing in concentration in the supernate, such as Fe and Mn, and others appear to be dissolving slowly such as Na and Si. The dissolution of these elements is dependant on their chemical form. The Fe and Mn in the OGCT solids could be spinels or oxides which would be readily dissolved in strong acids. The Na and Si are probably oxides of the frit and have very low solubility in strong acids. It was also noted that the Na concentration in Table 4 appears to go up and then back down at 24 hours and the Si concentration in Table 5 appears to have reached equilibrium for the 8 and 24 hour samples. The changes in the Na concentration could be due to some of the Na dissolving and then re-precipitating with another component in the supernate or this change could be due to analytical error. The standards submitted for the sets of samples do not indicate that this was an analytical problem. It also appears from the data in Table 4 and Table 5 , that the 50wt. % test dissolved more of the OGCT solids versus the 12 wt.% test. This can be seen readily in Figure 6 , Figure 7 , and Figure 8 . The data used in these figures have been corrected using the initial concentrations found in the second column of Table 4 and Table 5 . Figure 6 graphically depicts the concentration data for time zero, 2 hour, 8 hour, and 24 hour from Table 4 and Table 5 for Al, Mg, and Mn. Figure 7 graphically depicts the concentration data for time zero, 2 hour, 8 hour, and 24 hour from Table 4 and Table 5 for Na, Ni, and Si. Figure 8 graphically depicts the concentration data for time zero, 2 hour, 8 hour, and 24 hour from Table 4 and Table 5 for Fe. 
Nitric Acid Test Cases
The data reported in Table 4 and Table 5 were used to calculate the mass of Al, Fe, Mg, Mn, Na, Ni, and Si in the 12 wt.% and 50 wt.% nitric acid tests. These data along with the calculated weight percent solids and densities for the nitric acid solutions were used to convert the supernate concentrations to a slurry basis. Upon conversion to a slurry basis, the results were compared to each other and a percent difference was calculated. The results of the 12 wt.% and 50 wt.% nitric acid testing can be found in Table 6 . Table 4 (18.3-6.66)*(1.009 mL of supernate/mL of slurry)*(1g/1000mg)*(1L/1000mL)* 300mL. The same protocol was used for the remaining elements. It should be noted that the ratio of mL of supernate/mL of slurry should not exceed 1.00. If it exceeds 1.00, it is probably due to analytical error associated with the measurements completed for the sample. b Example for Al: Subtracted initial minus 24 hour concentration in Table 5 (22.9-6.66)*(1.008 mL of supernate/mL of slurry)*(1g/1000mg)*(1L/1000mL)* 300mL. The same protocol was used for the remaining elements. . It should be noted that the ratio of mL of supernate/mL of slurry should not exceed 1.00. If it exceeds 1.00, it is probably due to analytical error associated with the measurements completed for the sample. c (Column 3 -Column 2/ Column 3) *100
From the results in Table 6 , the 50 wt. % nitric acid case dissolved more of the OGCT solids than the 12 wt. % nitric acid case for all of the elements in the table. The acid concentration (14.8 wt. %) used in the DWPF falls between the two acid concentrations (9.2 wt. % and 39.6 wt. %) tested at SRNL. If DWPF maintained their acid concentration, but increased the residence time to 24 hours, one would expect the total grams dissolved to fall between the values reported in Table 6 . If a higher dissolution of the OGCT solids is desired, then it is recommended that DWPF increase the acid concentration (up to 39.6 wt.%) as well as the residence time (24 hours).
CONCLUSIONS
Several conclusions and observations were made from the data presented in Section 3.0. A list of these conclusions and observations are presented below.
• The OGCT samples contained visible brown solids that appeared to be made up of fine particulates that settled very slowly. However, during the mixing and sampling process, the presence of fast settling particulates was also clearly indicated.
• The entrained solids in the OGCT sample are composed of mainly Fe, Si, Mn, Al, Ni, and Mg with Fe being the dominant component. The results of the characterization show slight differences when compared to a previous OGCT sample 1 , however, the major components of both samples are similar.
• The results for the Contained X-Ray Diffraction (CXRD) indicated that two forms of Fe (hematite and magnetite) are present in the solids of the OGCT sample. These samples were compared to previously published results by C.M. Jantzen for samples from the Scaled Glass Melter Off-Gas Condensate Tank (SGMOGCT) 2 . C.M. Jantzen's results indicated spinel and SiO 2 as the main components of the solids from the SGMOGCT.
• Contained Scanning Electron Microscopy (CSEM) results for the OGCT solids were consistent with C.M. Jantzen's analysis of the SGMOGCT results. Deposits rich in Si as well as spinel forming elements (Fe, Al, Mn, and Ni) were identified in the OGCT samples.
• The residence time and the concentration of the nitric acid used for the OGCT cleaning procedure are important variables. Extending the residence time from 8 hours to 24 hours, results in the dissolution of more of the OGCT solids. Increasing the nitric acid concentration from 12% to 50% dissolved 45% (average of seven elements) more of the OGCT solids.
RECOMMENDATIONS
• In order to dissolve more of the OGCT solids during a tank cleanout, it is recommended that the nitric acid concentration be increased to 39.6 wt. % and the residence time to 24 hours. If it is not desired to change the nitric acid concentration, then the residence time should be extended to 24 hours to dissolve as much of the OGCT solids as possible. 
